BACKGROUND: Economically, the most important anesthesia group and operating room (OR) management decision is the choice made months before surgery of the allocated OR time (duration of the workday) for each service. Consider a health system with surgeons who practice at multiple hospitals and ambulatory surgery centers. The main campus' ORs are busy, with nearly 8 h of cases, including turnovers, per anesthetizing location per workday. The other (regional) facilities have substantial underutilized time. A surgeon wants to do one 3-hour case at the main campus and have an afternoon start. The anesthesia group's OR director could use the health systems' common OR information system to examine the surgeons' schedules at all facilities. In this study, we quantify the percentage of OR hours that can practically be off-loaded from a main campus with long duration workdays. METHODS: One year of cases were evaluated from a health system with a busy main campus, multiple (11) regional facilities with low workload per OR per day, and a common OR information system. RESULTS: The OR time was summed among surgeons meeting the following criteria: no first case start at the main campus that day; performing Ͻ4 hour of elective cases at the main campus that day; and doing at least 1 case at any of the regional facilities within the preceding or following week. The OR time potentially moveable was Ͻ0.8% (95% CI, 0.7% to 0.8%) of the total OR time used by all surgeons operating at the main campus, considerably less than the managerially important threshold of "Ն5.0%" (P Ͻ 0.0001). The principal reason for the result was that few (10%) OR hours at the main campus were used by surgeons performing Ͻ4 hour of cases that day. To understand why so little OR time could be moved, we performed secondary analysis of different data from 21 facilities nationwide. Larger hours of cases per OR per workday (e.g., 7.8 hour at the main facility) were commonly associated with larger percentages of workdays for which single surgeons filled an OR for the day (r ϭ 0.87 Ϯ 0.05). CONCLUSIONS: For many health systems, investing in the software and personnel to coordinate case scheduling among facilities is unlikely to be of benefit, either operationally or financially.
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• Types of data to be analyzed (e.g., either OR or anesthesia information management system data can be used), 4 • Number of months of data to be analyzed (e.g., 9 months is often suitable), 5 • Constraints from numbers of first-case starts (e.g., facility may be using more than needed for the cases for surgeon and patient preference), 6 -8 • Inclusion in anesthesia-hospital agreements (e.g., to assure anesthesia group does not have large increase in late workday cases because of an increase in scheduled gaps between successive cases in ORs), 9 -11 • Influence on appropriate staff scheduling (e.g., for resident anesthesiologists), 12 and • Influence of nursing directors, computer-human interface, and education on the methods' use (e.g., due to psychological biases).
Issues of statistical assumptions that are understood include:
• Methods' typical insensitivity to the choice of probability distribution, 1, 16, 17 and • Insensitivity to method of calculation of turnover times, 18 predictive error in case durations, 9, 19, 20 surgeon blocks, 9, 20 and seasonal variation in workload. 21 However, all the references, cited above, limited consideration to individual facilities (i.e., each facility independently planned staffing and performed case scheduling). Findings may not apply to health systems with the potential to move cases among the various affiliated hospitals.
Consider a health system with surgeons who practice at multiple hospitals and ambulatory surgery centers. The main campus' ORs have nearly 8 hours of cases, including turnovers, per OR per workday. 22 The other (regional) facilities have substantial underutilized time. A surgeon wants to do one 3 hour case at the main campus, with an afternoon start. The anesthesia group's OR director could use the health systems' common OR information system to examine the surgeons' schedules at all facilities. If the surgeon is working at least 1 day at another facility that week, the case could possibly be performed in available time at the other facility. Moving the case would depend on many constraints such as appropriateness of the procedure for the alternative facility or credentialing of the surgeon at the facility. [23] [24] [25] Nevertheless, the surgeon and patient would benefit, because the expected (mean) delay of the actual start time from the scheduled start time (i.e., tardiness) at the main campus would be considerable. Expected tardiness results from the surgeon's case following preceding cases in the OR and a low likelihood that her case will be moved to another OR to reduce tardiness, given that all the ORs typically are full. 6 If the anesthesia group and scheduling office were able to find a suitable alternative slot for the case at another facility on the requested day or on a different day, they would be increasing the surgeons' productivity.
Although such a coordinated scheduling process seems beneficial in concept, there are practical and strategic limitations. First, central scheduling requires software, personnel expenses, and substantial time of OR managers. Second, routine use of the process would influence the calculations to optimize staffing. If the case were performed at a regional facility, the probability distributions of measured OR workloads at the main campus and the regional facility would both be altered. Thus, the observed distributions would no longer provide an unbiased estimate of the surgeons' preferred total OR workload at each facility.
For the effort to be worthwhile financially, the costs of implementation would need to be offset substantially by increases in productivity. Many hours of cases would need to be moved from the main campus. In this study, we quantify the percentage of OR hours that can practically be offloaded from a main campus with long duration workdays.
METHODS
The investigation evaluated a health system with a main campus having many ORs full for nearly 8 hours, multiple regional facilities with low workload per OR per day and a common OR information system. The information system was not used for coordination of surgical scheduling among facilities during the study interval.
We use the word list to refer to a series of scheduled cases performed by the same surgeon on the same day and in the same OR. Table 2 of Ref. 6 indicates that, at a previously studied hospital, lists of cases starting after the first case of the day accounted for a mean Ϯ SE of 19% Ϯ 1% of OR hours including turnover times (n ϭ 26 fourweek periods). 6 The SEs were calculated 6 using the method of batch means, 26 as previously validated for OR management studies. [27] [28] [29] [30] The lists had mean 3.3 hours of OR time, including turnover times. The range of durations of lists would be large because there was no arbitrary limit on the list duration (e.g., some lists would be Ͼ8 hour).
In the current study, we limited consideration to lists Ͻ4 hours, because 4 hours was necessarily longer than the mean of 3.3 hours but was sufficiently brief that, typically, such a surgeon could follow another in the same OR. Because some turnover times and longer lists were excluded, we hypothesized that 15% or fewer OR hours would be accounted for by surgeons with Ͻ4 hours of cases and no first-case start, as compared with the previously 6 observed 19% of OR hours. In a previous study, we considered a 3.6% difference to be managerially significant when evaluating strategies to reduce cancellation rates. 31 During the editorial review process for that paper, 31 feedback provided was that the 3.6% value was too small. Therefore, we considered a priori that if fewer than 5.0% of cases could be moved, this would be sufficiently small that scheduling processes to move cases among facilities would not be implemented (see Discussion). Using Student's one-group t-test, to achieve ␣ ϭ 0.05 and ␤ ϭ 0.10 for detection of 5.0% with a SE of 5%, the necessary sample size was N ϭ 13 four-week periods.
The health care system studied had 15 regional facilities sharing the same OR information system and all located within a 1-hour drive from the main campus (Table 1 column 2). All OR anesthetics performed in these facilities between August 30, 2010, through August 26, 2011 were studied (i.e., N ϭ 13 four-week periods). Two facilities were excluded because they opened during the study interval (i.e., N Ͻ13 periods). Pain management cases were excluded because we could not determine reliably if an anesthesiologist was present to provide sedation or was there to perform the procedure. Nonelective (urgent) cases were excluded, as were cases performed on weekends and holidays. The number of remaining cases per day was tallied. Days with unusually low caseloads (e.g., US federal holidays) were excluded, identified as having a caseload Ͻ2 standard deviations below the facility's mean.
The count of ORs in use at each facility at each 30-minute time mark was totaled (e.g., 10:00 am and 10:30 am).
The maximum number of ORs in use was determined for each combination of facility and workday. The 80 th percentile was calculated for each combination of facility and 4-week period. The mean was taken among 4-week periods, giving the number of ORs (anesthetizing locations) in use simultaneously (Table 1 , column 3). No standard errors are listed for this value because all the standard errors are (logically) negligibly small (Յ0.1 ORs). The numbers of locations were used to find the mean hours of elective cases per workday per OR (Table 1 column 4) . 27, 29 Two of the 13 regional facilities with data were excluded from further consideration because they had total hours of elective cases per OR per workday that exceeded 5.60 hours. The threshold of 5.60 hours was chosen because this is the breakeven point in which 2 specialties scheduling into the same shared OR time would result in the same inefficiency of use of OR time as each having its own 8 hour of allocated OR time. 12, 32, 33 Applying this criterion left 11 facilities with sufficient underutilized time to be considered for cases to be moved from the main campus (Table 1) . There was substantial flexibility in the availability of start times and dates of cases for the surgeons at each of these 11 studied regional facilities. Application of the methods described in the Introduction would have suggested reducing the number of staffed ORs at each of these 11 facilities due to their substantial underutilized OR time. 12, 32, 33 All of the cases would have been performed on the same days as originally performed, and each of the surgeon's lists of cases in the same sequences; only the start times of some lists would have been different. 3, 8, 9 The sum of OR hours was calculated for each surgeonday combination for the 41,622 cases performed at the main campus. Each of the surgeon's daily sums was classified into 2 categories, Ͻ4 hour (see above) versus otherwise. For each 4-week period, the following ratio was calculated: total OR hours among surgeon-days with Ͻ4 hour of cases/total OR hours. The mean Ϯ SE among 4-week periods is reported in Table 2 , row 2. The calculations were repeated with respect to the number of cases and number of surgeons. 34 For each 4-week period, the ratio by surgeon was number of surgeons having at least 1 day with Ͻ4 hours of cases/total number of surgeons.
Next, a subset of the surgeons at the main campus without first case starts was derived from the surgeon-day combinations with Ͻ4 hours of case. Each of these surgeon's daily sums was classified into 2 different categories: Ͻ4 hours and surgeon did not have a first case start versus otherwise. The new ratios displayed in Table 2 , row 3 were calculated as for the row 2. A surgeon was considered to have a first case start if the case was scheduled to start within 1 hour of the start of the main campus OR workday of 7:30 am. These are reliable on-time starts 6 , unlikely not to be used by the surgeon unless away (e.g., at a professional meeting). The data are reported mean Ϯ standard error of the mean among N ϭ 13 successive 4-wk periods. Because the number of operating rooms (ORs) varied slightly among days, the 80 th percentile was used. a Each of these percentages are less than the managerially significant threshold of 5.0% (P Ͻ 0.0001). b There were 3 procedures that each accounted for more than 2.5% of these elective hours: cataract surgery (23.3%), chemotherapy into central nervous system (3.9%), and upper gastrointestinal endoscopy with biopsy (3.6%). c There were 4 procedures that each accounted for more than 2.5% of these elective hours: excision of breast lesion (3.1%), diagnostic colonoscopy (3.0%), cataract surgery (2.9%), and laparoscopic cholecystectomy (2.9%). d This percentage of 73.9% may seem large because the ratio equals, for each 4-wk period: number of surgeons having at least 1 day among the 20 with Ͻ4 h of cases/total number of surgeons. The results are similar to those found previously for 2 other health systems. At one 6 , "70%-75% of all surgeon waiting was sustained by ͓the͔ 'to follow' surgeons ͓who͔ performed one fourth the caseload." At another 34 , 80% of the surgeons did not have at least 4 turnovers (i.e., list of cases) for each of 6 consecutive 2-mo periods.
Finally, each of the surgeon-day combinations of OR hours at the main campus was classified into 2 categories: Ͻ4 hour, the surgeon did not have a first case start, and the surgeon performed at least 1 case at any one of the 11 regional facilities between 6 days earlier and 6 days later versus otherwise. Hypothetically, the scheduling office could notify the surgeon or his/her designee that the surgeon is working at 1 of the relatively empty regional ORs and that the case could be performed at that site (see Introduction). Importantly, for the study, no consideration was made for patient preference, 7, [35] [36] [37] whether the patient had already been admitted to the main campus hospital, requirements for surgeon assistant(s), and/or suitability of the procedure for movement to the regional facility. [23] [24] 25 Consequently, the calculated ratios in Table 2 , row 4 deliberately overestimated practical percentage reductions in main campus' OR hours.
We had planned another subset of analyses with the addition of more (i.e., realistic) constraints on moving cases to regional facilities. However, the preceding study results were not as expected in the above power analysis, making additional study of the main campus data moot. We therefore performed a secondary study using different data from 21 facilities located in the US. The highly limited summary data were from assessments performed between 2008 and 2011. The purpose of this secondary study was to explore why there was a difference between surgeons' case scheduling at the main campus versus case scheduling at the facility used for the statistical power analysis. 6 Along the horizontal axis of the Figure 1 was plotted the mean hours of cases including turnover times per anesthetizing location per 8-hour workday. The vast majority, but not all, of the anesthetizing locations studied would be ORs.
Along the vertical axis of the Figure 1 was plotted a ratio. The denominator was the number of anesthetizing locations per 2 weeks (i.e., daily number ϫ 10). The numerator was the sum among surgeons of each surgeon's maximum number of 8-hour blocks per 2 weeks that the surgeon was forecasted always to fill. 38 Positive correlation was expected in the Figure 1 (see Discussion). A least-squares quadratic fit had residuals that were normally distributed (Shapiro-Wilk P ϭ 0.23) and without correlation to the independent value along the horizontal axis. The Pearson (quadratic) r and its asymptotic SE were calculated.
RESULTS
The OR time was summed among surgeons without a first case start at the main campus that day, performing Ͻ4 hours of elective cases at the main campus that day, and doing at least 1 case at any of the regional facilities within the preceding or following week. This OR time was just 0.8% (95% CI, 0.7% to 0.8%) of the total OR time of the main campus, considerably less than the managerially important threshold of "Ն5.0%" (P Ͻ 0.0001) ( Table 2) .
The principal reason for this result was that few (10%) OR hours at the main campus were used by surgeons performing Ͻ4 hours of cases that day (Table 2) .
a The green dotted line in the Figure 1 shows the fewer hours of cases per OR per workday at the facility used for the study design versus the blue dotted line with the hours observed from Table 1 for the main campus. Secondary assessment of 21 facilities nationwide showed that such larger hours of cases per OR per workday are associated with larger percentages of OR days for which single surgeons fill an OR for the day (r ϭ 0.87 Ϯ 0.05, Fig. 1 ).
DISCUSSION
Independent surgical case scheduling at each facility in a regional health system has been assumed in the extensive prior OR management literature for anesthesia staffing. 1, 3, 5, 8, 16, 18 Hypothetically, an active central scheduling office for a regional health system could work to move cases from a full facility to relatively empty facilities to increase the productivity of its surgeons. Our results suggest that such efforts are unlikely to increase either the efficiency of use of OR time or surgeon productivity. The maximum potential offloading of cases from the studied busy main campus was 0.8% of OR hours.
a The extra reduction from 10.0% to 0.8% OR hours was attributable to the types of procedures performed, based on the similarity of the relative distributions of types of procedures between cases of surgeons doing Ͻ4 hour of cases and either (a) having a first case start and/or no other case within a week at another facility or (b) either not having a first case start or case within a week at another facility. The similarity index is effectively a correlation coefficient (0 to 1), with standard errors calculated using Cramér's delta method. 25 The similarity equals 0 when the types of procedures do not overlap and 1 when they match in equal relative proportions. The similarity between (a) and (b) was very small 39, 40 (0.15 Ϯ 0.03, P Ͻ 0.0001 compared with 0.3). The cases were far from a random sample of those of all low workload surgeons at the main campus, because then the similarity index would have been high (Ͼ0.80). 39, 40 This was not an issue of case durations. Among surgeon days with Ͻ4 hours of OR time, the mean Ϯ SE of case durations was 1.4 Ϯ 0.02 hours. Among the subset of also not first case start and/or with a case at another facility within one week, durations were longer but negligibly so, 0.2 Ϯ 0.04 hours (P ϭ 0.0001 paired Student t-test among N ϭ 13 periods). Durations averaged 3.1 Ϯ 0.01 hours among all cases. The dotted green line is the observed mean hours of cases and turnover times at the previous studied facility 6 for which we expected 15% of OR hours to be taken by surgeons with Ͻ4 h of OR time and not a first case start. The dotted blue vertical line shows the value along the horizontal axis that the main campus would have had if included in this secondary dataset.
Multiple Facility Operating Room Scheduling
A limitation of this study is that it only includes data from a single health care system. b The main campus had many types of procedures (e.g., both extensive cardiac and cataract surgery practices), but the types potentially moveable to regional facilities were less physiologically complex (see footnote a in the Results and footnotes b and c in Table  2 ). Nevertheless, the value of 0.8% of OR hours that potentially could be moved is very small and overestimates what could be achievable in reality because patient and surgeon preferences, 7, [35] [36] [37] whether the patient had already been admitted to the main campus hospital, requirements for the presence of surgeon assistant(s), and/or suitability of the procedure at the regional facility [23] [24] [25] were ignored. We are unaware of studies comparing the effectiveness between: (1) OR schedulers looking among multiple days and facilities, seeking opportunities to increase OR and surgeon productivity, versus (2) just scheduling cases and looking 1 to 2 workdays ahead to coordinate staff assignment. 41 Our findings suggest that the latter, relatively passive role in scheduling (i.e., addressing surgeons' concerns when asked), may be sufficient. At facilities that have many hours of cases per OR per workday (i.e., scheduling could limit OR, anesthesia, and surgeon productivity), the surgeons mostly fill ORs for the workday (i.e., there are few scheduling decisions to be made). At facilities that have few hours of cases per OR per workday, the surgeons are not filling ORs for the workday, and thus cases will typically be schedulable at whatever time the surgeon prefers. Thus, coordinating scheduling among the regional facilities would not be of value either.
In comparisons of many anesthesia groups, high productivity is obtained principally by having relatively long workdays per OR. 42, 43 The Figure 1 suggests a correlate: High anesthesia productivity is obtained by having many ORs each filled with cases of a single surgeon. Two pieces of evidence suggest that high workload per OR per workday causes surgeons' scheduling behavior, not vice versa. First, at a hospital that was full, with little opportunity for a late starting surgeon to have his/her case moved to a different OR if the preceding cases run late, the only opportunity for having a brief mean (expected) tardiness (i.e., relatively high surgeon productivity) was to be assigned a first case start. 6 Each increase in a surgeon's total hours of OR time was associated with the surgeon having an increased percentage rate of first case starts. 6 That could not have been a negotiating position because the surgeons were allowed only to operate at the 1 hospital. Second, the 2 randomized trials of OR activities resulting in increased numbers of cases performed total (i.e., not just within 8 hours) both limited intervention to surgeons filling single ORs for the entire workday. 44, 45 Results were insensitive to how the workflow was increased. 46 Yet, results were sensitive to there being 1 surgeon in each OR for the entire (long) workday. 46 In conclusion, the economically most important anesthesia group and OR management decision is the choice made months before surgery of the allocated OR time (duration of the workday) for each service. 1, 3, 9 Issues and reasons are summarized in the Introduction. Our results show that making this OR allocation decision for each facility independently is statistically reasonable. For many health systems, investing in the software and personnel to coordinate case scheduling among facilities is unlikely to be beneficial, either operationally or financially.
